Using a non
Ketone bodies are mainly synthesized in the liver and previous studies have demonstrated that the ketone body production rate is regulated by the supply of free fatty acids (FFA) to the liver and by hormones such as insulin, glucagon, growth hormone and catecholamines (Basso and Havel, 1970; McGarry and Foster, 1981; Johnston and Alberti, 1982) . A large part of these results were obtained in experiments with recirculating liver perfusion. The results from isolated perfused organs have been generally accepted to be superior to those from tissue slices or homogenates, because the physiological organ architecture is lost in the latter conditions, which may cause the loss of normal metabolism (Krebs and Hems, 1970) . However, the recirculating liver perfusion system may not be sensitive enough to detect minute to minute metabolic changes, and co-produced substances might influence the ketogenesis. Sugano et al.(1978) 
Chemicals
Insulin and glucagon were purchased from Novo (Denmark), human growth hormone from Nordisk (Denmark), epinephrine from Sankyo (Japan), and a 10% soybean oil emulsion (Intrafat(R); linoleic acid 52.2%, oleic acid 22.1%, palmitic acid 12.7%, linolenic acid 8.2% and stearic acid 4.8%) from Daigo Eiyo (Japan). All other chemicals were of reagent grade and obtained from local suppliers.
Liver perfusion
The liver was isolated from fed or fasted (30 hr) rats under pentobarbital anesthesia (50 mg/kg, i.p.) and perfused in situ by a slight modification of the technique of Mortimore et al.(1959) . A Krebs-Ringer-Tris buffer (20 mM Tris-HCl, pH 7.4 oxygenated with 100% O2) was infused into the liver from the portal vein at a constant speed of 20 ml/min without recirculation by a peristaltic pump (Decarf-240, Taiyo Kagaku Co., Tokyo, Japan). Neither erythrocytes nor glucose was included in the perfusion medium. Following preperfusion for 30 min, a portion of perfusate was collected every 2 min from a canula inserted into the superior vena cava. The time required for the passage of the buffer from the reservoir to the collecting tube was found to be 25 sec by using indocyanine green, and the data are presented without correction for the lag. Infusion of hor- 
Results
Comparison of ketone body production in fed and fasted rat livers ( Fig. 1 Effects of insulin, glucagon, growth hormone, and epinephrine on ketogenesis in isolated perfused liver (Fig. 3, 4 , 5) The addition of 50 mU/ml insulin in the perfusate caused the inhibition of 3-OHB and AcAc production within 1 min and 5 min in the fasted liver, respectively. Although the inhibition of AcAc returned to the basal level 1 min after stopping insulin infusion, that of 3-OHB continued even 10 min after Effects of PH on ketogenesis in isolated perfused liver (Fig. 6 ).
To assess the effects of acidosis on keto- genesis, the pH of the perfusate was changed to 6.5 or 7.1 from 7.4 for 10 min.
As shown in Fig. 6 , both AcAc and 3-OHB were significantly reduced 1 min after changes in the perfusate and rose again after the pH returned to 7.4.
The degree of inhibition was significantly greater with pH 6.4 than with pH 7.1. The inhibition of 3-OHB production was greater than that of AcAc with pH 6.5, whereas the decrease in 3-OHB production was rather small with pH 7.1.
Effects of ascorbic acid on ketogenesis in isolated perfused liver (Fig. 7) . version of AcAc. This assumption was supported by our present data indicating that ascorbic acid promptly reduced AcAc and increased 3-OHB. On the other hand, Sakamoto et al.(1974) reported that with the recirculating liver perfusion system the total ketone body output was 1180 n moles/g liver/min in the fasted rat liver and 373 n moles/g liver/min in fed rat liver. These values were much higher than those from the rat liver perfused non-recirculatingly. This dissociation may be explained by a positive feedback system in which the AcAc produced becomes a substrate of 3-OHB and It has been recognized that insulin regulates ketogenesis predominantly by controlling delivery of FFA to the liver from fat tissues (Frederick et al. 1970) .
On the other hand, Haft and Miller (1958) showed an inhibition of ketone body production in the perfused fasted liver from alloxan diabetic rats due to insulin, and Woodside and Heimberg (1976) reported that the rate of ketogenesis in the isolated perfused rat liver was accelerated by the injection of anti-insulin serum. Neufeld et al.(1976) have reported that a physiological level of insulin does not reduce ketone body formation in perfused fasted rat livers but that the coinfusion of insulin and glucose does. These results indicate that the present hormonal status of the liver and doses of insulin are important in evaluating the insulin action on ketogenesis in the isolated perfused liver.
As shown in Fig. 3 , even a high dose of insulin did not inhibit ketogenesis in the fed liver, where its metabolic status was already set under the insulin-rich conditions. Similarly, the stimulatory effect of glucagon was prominent in the fed liver (Fig. 4) . The rate of ketone body output from the fasted rat liver was twice as high as that from fed rat livers.
This might also be due to the present metabolic status of the liver, i.e. the increased glucagon/insulin ratio causes a decrease in re-esterification and an increase in oxidation of FFA. It is generally accepted that glucagon is TIME COURSE OF KETONE BODY PRODUCTION 833 a main hormonal regulator of hepatic ketogenesis through the decrease in malonyl-CoA and the stimulation of carnitine acyltransferase-the most important rate-limiting step of ketogenesis (McGarry et al. 1977 (McGarry et al. , 1978 .
In our study, AcAc output showed an increase within 5 min and reached a plateau 10 min after the glucagon infusion (Yamatani et al. 1983 ).
On the other hand, the release of cAMP and glucose increased within 2 min and reached a plateau 6 min after the glucagon infusion.
This difference might be related to the difference between glycogeno- epinephrine caused a slight but significant increase in total ketone body output from the isolated perfused rat liver. However, Penhos et al.(1966) reported that growth hormone did not affect the ketogenesis in perfused fed or fasted rat liver. 
